The LIMS HNO 3 values are inconsistent with other LIMS measurements above about 5 mbar. During the four time periods analyzed, the LIMS HNO 3 concentrations were much higher than the HNO 3 concentrations computed using the other LIMS measurements (03, H20, NO2, and temperature). Until this inconsistency in the LIMS data is resolved, we recommend an alternative evaluation of upper-stratospheric HNO3, consistent with all other LIMS measurements, for pressure levels less than 5 mbar. The alternate method of evaluating HNO 3 makes use of a photochemical equilibrium approximation to derive OH from LIMS H20 and 03; this OH is used with LIMS NO2 to derive HNO 3 above 5 mbar.
These measurements are of great use in studying the dynamics and chemistry of the stratosphere. They can be used to derive other minor species as well as to check two-and threedimensional atmospheric models. It is therefore of importance that the LIMS data be internally self-consistent. While it is not possible to check the self-consistency of all species in this data set, it is possible to argue fairly convincingly that 03, H20 , NO2, and temperature measurements are not only qualitatively but quantitatively fairly accurate.
Remsberet et al. ['1984 • compare LIMS O 3 measurements with other O3 measurements, including rocket and balloon underflights, Umkehr soundings, and Dobson measurements. All appear fairly consistent with each other. The LIMS zonal mean O 3 profiles are, therefore, believed to be accurate to 10-15% at most altitudes and latitudes. The LIMS H20 measurements were validated in 13 balloon underflights [Russell et al., 1984b-]. The mean difference between the two sets of measurements was about 0.6 ppmv, approximately the same order as the estimated LIMS accuracy. LIMS and balloon NO 2 measurements gave agreement on the order of 20% in the 30-mbar to 3-mbar pressure range for 13 different comparisons . The LIMS temperature measurements are consistent with ground-based and balloon measurements taken concurrently •.
The LIMS HNO3 appears to have a realistic behavior below 5 mbar, but above 5 mbar the LIMS HNO3 appears to be too high . We will discuss this LIMS HNO3 behavior, explain why we feel it to be unrealistic, and present what we believe to be a better HNO3 two-dimensional (2-D) distribution for one time period above 5 mbar.
LIMS HNO 3 BEHAVIOR COMPARED WITH OTHER EXPERIMENTAL MEASUREMENTS AND MODEL CALCULATIONS
We are aware of three publications on LIMS HNO3 data: namely, Russell Since their work, two additional observational estimates of upper stratospheric HNO3 have been made. These involved the use of balloon-borne mass spectrometers to measure the abundance of stratospheric ions. From these concentrations and the known and/or estimated kinetic and thermochemical data of these ions, concentrations of neutral species that are ion ligands, such as HNO 3 and H2SO4, may be inferred.
Ar It is possible that we are neglecting some additional HNO3 sources when setting up (1) and subsequently deriving (3) in order to calculate OH. We have carried out an extensive search in section 2 of the appendix of known reactions that lead to HNO3 formation. We find that none of these HNO3 production mechanisms provide the source necessary to sustain the large LIMS HNO3 measurements above 5 mbar.
DERIVING HNO3 ABOVE 5 MBAR FROM OTI•R LIMS DATA
In the previous section we presented photochemical evidence, based on OH behavior, that LIMS HNO3 data are too high above 5 mbar. Here we use the behavior of OH, calculated from LIMS data in another way, to correct the LIMS HNO3 data above 5 mbar. This scheme to derive OH uses the sources and sinks of HOx and mainly involves LIMS H20 and 03, as shown in (9) below. We label this approach scheme 2. Since scheme 1 mainly involves HNO3 and NO2 and scheme 2 mainly involves H20 and 03, the two schemes are fairly independent of one another. Because of this independence, the two schemes complement each other and provide a method for calculating better HNO3 values above 5 mbar. 
where B is primarily a function of (R31) The HNO 3 from LIMS data (given in Figure 6 ) and this HNO 3 (given in Figure 7) Since the OH derived by using scheme 2 has inherent in its calculation the incorrect HNO a for pressures above 5 mbar, it is of interest to know if changing HNO a makes any difference in the OH derived by using scheme 2. We changed the HNO a 2-D distribution to that given in Figure 9 and found differences always less than 7% in this derived OH when compared with the OH derived by using HNO 3 from HNO 3 data above 5 mbar have been corrected, we recommend that the method detailed here (using (11)) be used to derive the HNO3from the other LIMS measurements.
APPENDIX

Effect of Uncertainty of Chemical Reaction Rates
Our conclusion that the only source for the discrepancy in the OH profiles calculated by the two methods is incorrect HNO 3 measurement hinges on the assumption that the reaction rates k47 and k, Table 2 . It is seen that the unknown HNO 3 production path(s) must be more important than the OH + NO2 three-body recombination path at altitudes above those where the pressure is approximately 3 mbar and that at altitudes above the 2-mbar pressure level the unknown HNO 3 source must be some 10 times greater. Estimates of the HNO3 production rate by (R47), calculated by assuming [OH] = 3 x 10 +7 cm -3, are also given in Table 2 , along with the final estimated values for
Px'
In Table 2 we also list Ra, the value of the ratio R that would be needed if one requires [OH] to be no greater than 3 x 10 +7 cm-3 and assumes no additional HNO3 production . One recognizes that (R63) cannot be an important source of stratospheric HNO 3. Production of HNO 3 from N20 5 by an ionic pathway involving catalysis by hydrated protons has also been suggested [Ferguson et al., 1979] . Recent laboratory experiments [Bohringer et al., 1983] conclusively demonstrate that this pathway should not be important in the stratosphere,
